Background: Muscle infarction is a rare complication of spontaneous ischemic necrosis occurring in skeletal muscle. It is particularly common in patients with diabetes who have impaired sugar regulation. However, muscle infarction is frequently misdiagnosed due to varied clinical manifestations. Methods: We presented 3 cases of muscle infarction reported during April 2009 to April 2014. After a comprehensive literature review, we selected 147 muscle infarction cases from the literature, first investigating the relationships between type of muscle blood supply and infarcted muscle. Results: The result indicated that muscle infarction 25.85 % belonged to type I vascular supply and 61.21% belonged to type II vascular supply, according to the definition by Mathes and Nahai. Conclusions: Poor glucose regulation, intense exercise without adequate hydration, vascular disease, and type I and II muscular blood supply were critical predisposing factors. For preventing muscle infarction, we recommend strict glucose regulation and a gradual increase in exercise with adequate hydration.
MATERIALS AND METHODS
We used 3 cases of muscle infarction reported during April 2009 to April 2014 at Kaohsiung Medical University Hospital, investigating patients' demographics including age, sex, underlying disease, clinical manifestation, biochemistry data, activities before infarction occurrence, and initial diagnosis.
According to the patterns of blood supply in muscles, Mathes and Nahai 5 classified 5 types of vascular supply: type I, single vascular pedicle; type II, dominant vascular pedicle and minor pedicles; type III, dominant pedicles; type IV, segmental pedicles; and type V, dominant pedicle with secondary segmental pedicles.
We collected information on DMI cases in which definite muscle infarction location was indicated based on PubMed beginning in 1999. The infarcted muscles and the types of muscle blood supply were investigated. Statistical analysis was used to determine the possible relationships between blood supply type and muscle infarction.
RESULTS
Our study consists of three patients (2 female and 1 male), with one diagnosed as diabetes mellitus (DM) and one diagnosed as prediabetes. The male patient was healthy and reported no history of systemic disease. His triceps infarction may have been induced by a congenital vascular anomaly and enhanced by dehydration and intense muscle action. Of the patients with DM, one had Buerger disease, which aggravated the DMI episode. All of the patients had exercised before the muscle infarction occurrence, and inadequate fluid supply was noted in all patients. Tables 1 and 2 list the patients' demographics and possible predisposing factors. Of the 147 infarcted muscles examined, musculus vastus medialis [27 (18.37%)] and musculus vastus lateralis [27 (18.37%)] were the most commonly infarcted muscles. Statistics suggested that 25.85% of the infarcted muscles had type I vascular supply and 61.21% had type II vascular supply (Table 3 ).
Case Presentation

Case 1
A 46-year-old woman, who had a diagnosis of diabetes for 7 years, had no history of diabetes medication use and had engaged in no routine exercise. She experienced severe pain in her right calf after cycling for 2.5 hours. According to her memory, she did not take fluid supplements during the period of exercise. She sought outpatient care for a rigid mass that had formed in her right calf 2 weeks after the episode. The patient denied any history of fever, trauma, animal bite, or infection. An 8 Â 6-cm rigid mass without local heat or reddish skin was observed ( Fig. 1 ). Initial laboratory workup revealed blood glucose in which fasting blood sugar was 434 mg/dL and glycated hemoglobin was 14.4%. In addition, her triglyceride was 724 mg/dL and her cholesterol was 239 mg/dL. Because the physicians assumed she had hematoma, they arranged magnetic resonance imaging (MRI). A T2-weighted image revealed a high signal lesion over the gastrocnemius muscle of the right calf and a slightly increased formation of focal collateral circulation in the lateral sural artery (Figs. 2, 3). Diabetic muscle infarction was diagnosed by the radiologist. Bed rest, analgesic drugs, muscle relaxants, hydration, and hypoglycemic agents were prescribed. The symptoms were relieved gradually after 2 months. A follow-up MRI after 6 months revealed that the focal lesion in the gastrocnemius muscle had improved, and a slightly heterogeneous lesion with decreased T2 remained. It indicated both fibrosis and degeneration. However, poor sugar control was noted at follow-up because the patient complied poorly. Nine months after the first incident, the patient experienced another incident with similar location and symptoms. The second DMI incident was diagnosed using another MRI examination. The patient was repeatedly educated on the importance of blood glucose regulation.
Case 2
An 80-year-old woman with Buerger disease and hypertension experienced acute onset of painful swelling in the left leg after her daily mountain hike. She was hospitalized because of swelling and pain 5 days after the incident. Because physicians assumed she had deep vein thrombosis, they performed a series of examinations. Although the data were within the reference range, triacylglycerol and glycated hemoglobin were elevated. During her admission, a painful palpable mass was observed.
Magnetic resonance imaging revealed a high signal lesion on the gastrocnemius muscle in the T2-weighted image. Diabetic muscle infarction was diagnosed in the patient, and he was prescribed a conservative treatment and intensive glucose control. Symptoms improved gradually without the assistance of any invasive procedure.
Case 3
A 33-year-old man experienced painful swelling in his left upper arm after lifting a heavy object (approximately 20 kg) one day at noon. Because of the extreme temperature that day, he perspired excessively. He visited the outpatient clinic one week after the incident. Physical examination revealed a painful mass in the left upper arm. Results from laboratory data were normal except for creatine phosphokinase: 1428 IU/L. The man was hospitalized because physicians assumed he had a ruptured tendon with hematoma. Angiography showed no evidence of embolism or thrombosis in his left upper extremities. An MRI revealed mild swelling in the high-signal adjacent soft tissue in the long head of the left triceps muscle (Fig. 4 ). Triceps muscle infarction was diagnosed, and he was given prescribed analgesic medication to control the pain and instructed to hydrate adequately and rest. Because symptoms improved, the patient was discharged after 10 days.
DISCUSSION
Skeletal muscle infarction in limbs is rare because of abundant blood supply to the area. Although more than 150 million people have diabetes worldwide, only a few reports of DMI have been published since the first incident report in 1965. [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] In this paper, we report 2 cases of DMI in the lower limbs and one case of muscle infarction in an upper limb. The 3 study patients exercised before the muscle infarction incident.
The pathogenesis of muscle infarction remains unclear. A previous study suggested that microangiopathy and endothelium-mediated vasodilation impairment caused by diabetes and vascular disease cause ischemic change in focal muscles. 9 Another researcher posited that a hypercoagulable state decelerates the blood flow, disrupting the blood supply to the muscle. 9, 13 In our first 2 DMI cases, the first patient had a 7-year history of DM and the other had prediabetes without exhibiting symptoms of vascular damage. Relevant literature indicates that DMI typically occurs in patients with mean diabetes duration of approximately 15 years. 10 Retinopathy, nephropathy, and neuropathy occurred in 60%, 80%, and 64% of the patients with DMI, respectively. 10 However, a short history of diabetes without tripathy in the patients we reviewed implied poor glucose control; dehydration and other vasculitis diseases, such as Buerger disease, were critical predisposing factors. Kingwell et al 13 indicated that people with diabetes experience impaired blood flow responses in the legs when exercising because of impaired endothelium-dependent vasodilation. Poor glycemic control and a poor lipid profile contribute to a limited tolerance to physical exertion because the working muscles have desaturated. 14 In addition, blood viscosity plays a role in the possible mechanism of muscle infarction. El-Sayed 16, 17 and El-Sayed et al 16, 17 observed that exercise-induced hemoconcentration resulted from fluid transfer from the blood to interstitial spaces. The acute increase in whole blood viscosity may affect the microcirculatory blood flow and oxygen delivery to the tissues. 18 Increased blood viscosity may induce ischemic heart disease and stroke in patients with DMI. 19 The patient in case 3 lifted heavy objects without adequately supplementing fluid intake on a summer day during which temperatures reached 35°C. We assumed that intense exercise induced increased blood viscosity and a lack of adequate hydration caused the ischemic infarction. Diabetic muscle infarction rarely occurs in the upper limbs. Case 3 was the seventh reported case of muscle infarction in the upper limb in relevant literature 7, 9 and first upper limb muscle infarction in nondiabetic patient.
Mathes and Nahai 5 classified 5 types of muscular blood supply. Type I muscles are supplied only by one dominant pedicle, whereas type II muscles are typically supplied by a dominate pedicle and minor pedicle(s). We assumed that once the major pedicle is occluded, muscle infarction is more likely to occur in muscles with this type of blood supply than in muscles of other types. Muscles with types III, IV, and V blood supply have more vascular pedicles and are therefore at a lower risk of infarction. We compiled statistics regarding the locations of muscle infarction, classifying the infarcted muscles according to the classification by Mathes and Nahai 2,6-12 (Fig. 5 ). Types I and II vascular anatomies accounted for 87% of the DMI. Except for adductor muscles that lack obvious classification, the percentage of muscles with types I and II blood supply can achieve 92.7% (Table 3) .
Treatments for muscle infarction in patients with DMI include nonsteroidal anti-inflammatory drugs, antiplatelet drugs, steroids, surgical intervention, strict blood sugar control, hydration, and sufficient bed rest. In a recent study, Kapur et al 3, 10 concluded that there was a trend favoring medical treatments. Muscle infarction is an uncommon condition that must be considered when diabetic patients present with a sudden onset of severe pain and tenderness in muscles with or without a mass. The differential list is extensive and may lead to misdiagnosis. Magnetic resonance imaging examination is noninvasive and facilitates accurate diagnosis. 6, [20] [21] [22] 
CONCLUSION
We presented 3 muscle infarction cases. The first patient, diabetic with poor sugar control, presented with an infarcted gastrocnemius; the second patient, prediabetic, had Buerger disease and presented with an infarcted gastrocnemius; and the third patient presented with triceps infarction, which is extremely rare, and was the seventh case of upper-limb muscle infarction yet recorded. Poor glucose regulation, intense exercise without adequate hydration, vascular disease, and types I and II muscular blood supply were critical predisposing factors. To prevent muscle infarction, we recommend strict glucose regulation and a gradual increase in exercise with adequate hydration. 
